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ABSTRACT: . 

There are provided an apparatus and method for generating an initial puncturing matrix from 
which a first sub-code is produced in a communication system having a turbo encoder for 
generating information symbols, first parity symbols, and second parity symbols for the input of 
an information bit stream and a sub-code generator for generating sub-codes from the 
information symbols, the first parity symbols, and the second parity symbols using puncturing 
matrices, a number of the sub-codes being identical to a number of the puncturing matrices, 
comprising the steps of selecting as many information symbols as a number of columns in the 
initial puncturing matrix from the information symbols output from the turbo encoder, if a 
difference between the number Ns of selected symbols in the initial puncturing matrix and the 
number of the columns in the initial puncturing matrix is equal to or greater than a number of 
component encoders in the turbo encoder and selecting as many first and second parity symbols 
as the difference, a number of the selected first parity symbols being equaLto or greater than a 
number of the selected second parity symbols. 
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(54) Apparatus and method for generating codes in communications systeni 



(57) There are provided an apparatus and method 
for generating an initial puncturing matrix from which a 
first sub-code Is produced in a communication system 
having a tuito encoder for generating infonnation sym- 
bols, first parity symbols, and second parity symbols for 
the Input of an information bit stream and a sub-code 
generatorfcrgenerating sub-codes from the infomnation 
symbols, the first parity symbols, and the second parity 
symbols using puncturing matrices, a number of the 
sub«codes being identical to a number of the puncturing 
matrices, comprising the steps of selecting as many in- 
fonnation symbols as a number of columns in the initial 
puncturing matrix from the infomiation symbols output 
from the turbo encoder, if a difference between the 
number Ns of selected symbols in the initial puncturing 
matrix and the number of the columns in the initial punc- 
turing matrix is equal to or greater than a number of com- 
ponent encoders in the turtDo encoder and selecting as 
many first and second parity symbols as the difference, 
a number of the selected first parity symbols being equal 
to or greaterthan a number of the selected second parity 
symbols. 
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Description 

[00011 The present invention relates generally to an apparatus and method for generating codes In a data connmu- 
nicatlons system, and in particular, to an apparatus and method for generating complementary codes with use of turbo . 

5 codes in a communications system employing a retransmission scheme. 

[0002] In general, a system using a retransmission scheme (e.g., hybrid ARQ[Automatic Repeat Request]) performs 
soft combining to improve transmission throughput. The soft combining techniques are divided into packet diversity 
combining and packet code combining. These two combining schemes are usually called soft packet combining. Al- 
though the packet diversity combining scheme is sub-optimal in perfonmance relative to the packet code combining 

10 scheme, it Is favorable due to easy implementation when performance loss is low. 

[0003] A packet transmission system uses the packet code combining scheme to improve transmission throughput. 
That Is, a transmitter transmits a code with a different code rate at each packet transmission. If an error is detected 
from the received packet, a receiver requests a retransmission and perfomr^s soft combining between the original packet 
and a retransmitted packet. The retransmitted packet may have a different code from the previous packet. The packet 

15 code combining scheme is a process of combining received N packets with a code rate R to a code with an effective 
"code rate of R/N prior to decoding, to thereby obtain a coding gain, 

[0004] With regard to the packet diversity combining scheme, on the other hand, the transmitter transmits a code 
with the same code rate R at each packet transmission. If an en-or is detected from the received packet, the receiver 
requests a retransmission and perfomris soft combining between the original packet and the retransmitted packet. The 

20 retnansmiUed packet has an identical code to that in the previous packet. In this sense, the packet diversity combining 
scheme can be considered symbol averaging on a random channel. The packet diversity combining scheme reduces 
noise power by averaging the soft outputs of received symbols and achieves such a diversity gain as offered by a 
multipath channel because the same code Is repeatedly transmitted on a fading channel. However, the packet diversity 
" -combining scheme does not provide such an additional coding gain as obtained according to. a code structure In the 

25 packet code combining scheme. 

[0005] Due to implementation simplfcity, most packet communication systems have used the packet diversity com- 
bining scheme, which is under study for applrcation to the synchronous lS-2000 system and the asynchronous UMTS 
system. The reason Is that the existing packet communication systems have used convolutional codes and even packet 
code combining does not offer a great gain when convolutional codes with a low code rate are used. If a system with 

30 R=1/3 supports retransmission, there is not a wide difference In perfomnance between the packet code combining 
scheme and the packet diversity combining scheme. Thus, the packet diversity combining scheme is selected consid- 
ering implementation complexity. However, the use of turbo codes as forward error correction codes (FEC) requires a 
different packet combining mechanism because the turtDo codes are designed as error correction codes to have per- 
formance characteristics very close to the "Shannon Channel Capacity Limit" by iterative decoding and their perfomri- 

35 . ance varies obviously with the coding rates unlike convolutional codes. Therefore, it can be concluded that packet 
code combining Is feasible for a packet communication system using turbo codes in a retransmission scheme to achieve 
the goal of optimum performance. 

[0006] It is, therefore,- the object of the present invention to provide an.apparatus and method for generating sub- 
codes for optimal code combination in a retransmission system using turt30 codes. 
40 [0007] According to an aspect of the present Invention, there is provided an apparatus and method for generating 
complementary codes using turbo codes in a communications system. 

[0008] The above object can be achieved by providing an apparatus and method for generating sub-codes from 
turiso codes in a communications system. In the sub-code generating apparatus, a turt>o encoder generates infomnation 
symbols, first parity symbols, and second parity symbols for the input of an information bit stream and a sub-code 

45 - generator generates sub-codes from the information symbols, the first parity symbols, and the second parity symbols 
using puncturing matrixes. Here, the number of the sub-codes is identical to the number of the puncturing matrixes. 
To generate, an initial puncturing matrix for the first sub-code, the sub-code generator selects as many Infonnation 
symbols as the number of columns in the initial puncturing matrix from the information symbols from the turbo encoder, 
if the difference between the number Ns of selected symbols in the initial puncturing matrix and the number of the 

50 columns in the initial puncturing matrix is equal to or greater than the number of component encoders in the turbo 
encoder. Then, the sub-code generator selects as many first and second parity symbols as the difference in such a 
way that the number of the selected first parity symbols is equal to or greater than the number of the selected second 
parity symbols. 

[0009] The above object, features and advantages of the present invention will become more apparent from the 
^ 55 following detailed description when taken In conjunction with the accompanying drawings In which: 

FIG. 1 is a graph showing the perfonnance difference between packet code combining and packet diversity com- 
bining in a packet data system using turbo codes; 
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FIG. 2 is a block diagram of a sub-code generating apparatus according to an embodiment of the present invention; 
FIG, 3 is a graph showing the perfonnances of a retransmission scheme without using sub-codes, a retransmission 
scheme implementing diversity combining with sub-codes, and a retransmission scheme Implementing code com- 
bining with sub-codes; 

5 FIG. 4 is a flowchart illustrating a method of generating the first sub-code in the sub-code set of quasi-comple- 

mentary turbo codes according to the embodiment of the present invention; 

FIG. 5 is a flowchart illustrating a method of generating middle sub-codes in the sub-code set of the quasi-com- 
plementary turbo codes according to the embodiment of the present invention; and 

FIG. 6 is a flowchart illustrating a method of generating the last sub-code in the sub-code set of the quasl-com- 
10 plementary turbo codes according to the embodiment of the present Invention. 

[0010] A preferred embodiment of the present invention will be described hereinbelow v/ith reference to the accom- 
panying drawings. In the following description, well-l<nown functions or constructions are not described in detail since 
they would obscure the invention in unnecessary detail. 
15 [001 1 ] The present invention proposes a method of generating sub-codes for optimal packet combining In a retrans- 
mission system using turbo codes and a system that selectively employs a packet code, combining- scheme and a. . 
packet diversity combining scheme according to the data rates. The advantages and perfomriance gain of the proposed^ 
system will be described. 

[0012] First, there will be given a description of the operation of the system that selectively uses the packet code- 
^ .combining scheme and the packet diversity scheme combining according to the data rates. 

[00131 In a system using R=1/5 turbo codes, for example, packet code combining is applied until the overall code 
rate of codes produced by soft-combining of retransmitted packets reaches 1/5. For the subsequent retransmitted 
packets, packet diversity combining and then packet code combining are perfomned. If the first packet is transmitted 
■■" at a*data rate of 1/3, the required redundancy symbols are provided at a retransmission request to make the overall 
25 code rate 1/5. Thus, when a receiver receives both packets, the overall code rate becomes 1/5. Each of the following 
packets is repeated prior to transmission and the receiver performs packet diversity combining and then packet code 
combining on the retransmitted packets at the code rate 1/5. 

[0014] FIG. 1 is a graph showing the perfonnance difference between packet code combining and packet diversity 
combining in the case of turbo codes. As shown in FIG. 1 , a turbo code with a low data rate of 1/6 exhibits a greater 
30 perfonnance gain than a turbo code with a high code rate of 1/3 with the same symbol energy Es and obtains a 
perfonnance gain of 3dB from the packet code combining. Consequently, generation of R:r1/3 turbo codes by packet 
code combining of R=1/6 sub-codes produces a gain that turbo codes with a code rate lower than 1/3 exhibits and a 
gain that code combining of different codes offers, contemporaneously 

[0015] More specifically, for the same code symbol energy Es and the same given code rate, turbo codes provide 

35 perfonnance close to the "Shannon Channel Capacity Limif according to the code rates only if iteration decoding is 
fully implemented, unlike convolutlonal codes. It is known that a turbo code with a low code rate offers a greater per- 
fonnance gain than a turbo code with a high code rate with the same code symbol energy Es. For example, when 
R=1/3 is reduced t6' R=1/6, the perfonnance difference can be estimated by analyzing a change in the "Shannon- 
Channel Capacity Limir. The reason for assuming the same symbol energy in-espective of R=1/3 or 1/6 for the curves 

40 of FIG. 1 is that the same symbol energy Es is used for each retransmission In a hybrid ARQ system. 

[0016] If an R=1/3 code is repeated once and the two codes are packet-diversity-combined on an AWGN (Additive 
White Gaussian Noise) channel,- a maximum gain of 3dB is obtained in temns of a symbol energy-to-noise ratio (Es/ 
No). The same Is the case with an R=1/6 code. Thus, a perfomnance curve for the R=1/3 turbo code shifts to the left 
In parallel by a +3dB scale due to a packet diversity combining gain and a perfomnance curve for the R=1/6 turbo code 

45 also shifts to the left in parallel by a +3dB scale when the same symbol energy is given. Here, the perfonnance curves 
are'derived with, respect to the energy-to-noise ratio (Eb/No) whtoh is measured to compare code perfonnances ac- 
cording to the code rates. As a consequence, the difference between the turtDo code performance curves Is equh^aleht 
to the performance difference between the packet diversity combining and the packet code combining. The performance 
difference according to the code rates can be estimated from the "Shannon Channel Capacity Limit" and a minimum 

50 perfomnance difference can be obtained using a minimum required signai-to-noise ratio (SNR). 

[0017] In a systern using turi^o codes with a code rate R and a very large encoder block size L. a minimum Eb/No 
required to provide an error-free channel is expressed as 

55 .„ . Eb/No ){A^'^)f2R (1) 

[001 8] According to the above equation, the minimum required Eb/No in AWGN at each code rate for the turbo codes 
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is listed in Table 1 belov/. In Table 1 . a typical Eb/No indicates a required Eb/No for a bit error rate (BER) below 0.00001 
when the encoding block size L of the turbo codes is 1024. 



(Table 1) 



Code rates 


Required Eb/No (do) 


Typical cD/No (Oo) tor Dbn=iir* 


3/4 


0.86 


o.olO 


2/3 


0.57 


2.o2o 


1/2 


0.00 


1.682 


ofo 


-0.414 




1/3 


-0.55 


0.975 


1/4 


-0.82 


0.756 


1/5 


-0.975 


0.626 


1/6 


-1.084 


. ' - 0.525 - 


0 


-1.62 


NA 



[00191 As shown In Table 1 , required Eb/No are 0.86. 0.57, 0.0, -0.414, -0.55, -0,82, -0.975. and -1 .084dB respec- 
tively, for the code rates of 3/4. 2/3, 1/2, 3/8, 1/3, 1/4. 1/5, and 1/6. An at least 0.53dB perfomiance difference exists 
between a system using R=1/3 code and a system using R=1/6 code. This is a minimum perfomiance difference based 
on the "Shannon Channel Capacity Limit". Considering Implementation of a real decoder and system environment, the 
difference becomes wider. From a simulation, approximately 1.12dB perfonmance differencef was observed between 
a system using packet code combining for R=2/3 codes and a system using packet diversity combining for the R=2/3 
codes. 

[0020] Table 2 shows the perfomiance difference between packet code combining and packet diversity combining 
after one retransmission in a system with a sub-code code rale of 2/3. As shown in Table 2, a minimum perfomnance 
difference is 1 .12dB and the packet code combining scheme produces a higher perfonmance gain in the system using 
turbo code. 



CTabte 2) 



Items 


Packet combining 


Code combining 


Mother code rate R„ 


1/3 

(X, YO. rO) in FIG. 2 


- 1/3 

(X, YO, Y'O) in FIG. 2 


. . . Block size (L) 


496 . 


496 


Maximum number of iterations 


8 


6 


Number of transmissions 


2 


2 


/Vctual Tx code rate Re for each 
transmission 


2/3 (by puncturing) 


2/3 (by puncturing) 


Redundancy selection 


Identical pattem for all 
transmissions. 


Different pattern for all 
transmissiofis. 


. - Soft combining 


Packet diversity combining 


Packet code combining 


Gain through retransmissions 


Symbol repetition gain 


Coding gain for low rate codes 


Minimum required Eb/No in Table 1 


+0.57 (dB) 


R-2/3 +0.57 (dB) R-2/6 -0.55 (dB) 


Required Eb/No at 2nd 

retransmissions 


40.57-3.0 (dB) 


-0.55-3.0 (dB) 


Relative perfomiance gain 


0 


1.12 (=0.57+0.55) dB 


-Simulated relative gain (@ BER = 
10-5) 


0 


2.5 (dB) 
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[0021 ] As described above, the packet code combining scheme shows excellent perfomnance in the retransmission 
system using turbo code. Therefore, the present invention provides a sub-code generating method for optimal pacicet 
code combining in tlie retransmission system using turbo code . Generation of sub-codes for packet code combining 
according to a predetermined rule produces the aforementioned code combining gain and maximizes the perfomnance 
5 of a system requesting sub-codes of the same size for each retransmission. 

[0022] FIG. 2 is a block diagram of a sub-code generating apparatus using turbo codes according to an embodiment 
of the present invention. As shown in FIG. 2, the sub-code generating apparatus includes a turtle encoder, a sub-code 
generator 204, and a controller 205. 

[0023] First, with regard to the turbo encoder, a first component encoder (or a first constituent encoder) 201 encodes 
10 an input information bit stream and outputs first code symbols, i.e., information symbols X and first parity symbols YO 
and Y1. An interleaver 202 Interleaves the input infonmation bit stream according to a predetermined rule. A second 
component encoder (or a second constituent encoder) 203 encodes the interleaved infonmation bit stream and outputs 
second code symbols, i.e., information symbols X' and second parity symbols Y'O and Y' 1. Thus, the output symbols 
of the turbo encoder are the first and second code symbols. Since the information symbols X' generated from the 
15 second component encoder 203 are not transmitted in reality, the code rate of the turbo encoder is 1/5. 

[0024] The subcode generator 204 generates sub-codes from the first and second code symbols received from the 
first and second component encoders 201 and 203 by puncturing and repetition underthe control of the controller 205. 
The controller 205 stores puncturing (and repetition) matrixes generated from algorithms shown in FIGs. 4, 5 and 6 
and outputs symbol selection signals for the puncturing matrixes to the sub-code generator 204. Then, the sub-code 
^ . generator 204 selects a predetemiined number of code symbols within a predetermined puncturing range according 
to the symbol selection signals. 

[0025] The reference characters as used here, X, YO, Y1 , Y'O, and Y'i are defined as follows. 

X: systematic code symbol or information symbol . - 

25 YO: redundancy symbol from the upper component encoder of the turbo encoder 
Y1 : redundancy symbol from the upper component encoder of the turbo encoder 
Y'O: redundancy symbol from the lower component encoder of the turiDO encoder 
Y'I : redundancy symbol from the lower component encoder of the turbo encoder 



SO [0026] FIGs. 4. 5 and 6 are flowcharts illustrating sub-code (or puncturing matrix) generating procedures according 
to the embodiment of the present Invention. Speciffcally, FIG. 4 illustrates a procedure of generating the first sub-code 
Co in a sub-code set, FIG. 5 illustrates a procedure of generating middle sub-codes to C^.a in the sub-code set, and 
FIG. 6 illustrates a procedure of generating the last sub-code C^.^ in the sub-code set. 

[0027] Hereinbelow, ENC1 (refen-ed to as first code symbols) indicate the infonriation symbols X and the first parity 
ss symbols YO and Y1 output from the first component encoder 201 and ENC2 (referred to as second code symbols) 

indfcate the second parity symbols Y'O and Y'I output from the second component encoder 203. 

[0028] Referring to FIG. 4, a maximum code rate (Rmax) available to a transmitter is set in step 401. This value is 

mostly given according to the data rate used in the system. A minlmurri code rate (Rmin) is set to be an' Integer-multiple 

of Rmax (=k/n). Here, k Is the number of input symbols and n is the number of output symbols. Although Rmin can be 
40 determined arbitrarily, it is usually 1/6, 1/7 or lower Because a coding gain Is saturated due to the decrease of code 

rates at or below R=1/7 in turi^o codes. In addition, the real code rate, i.e., mother code rate (R) of a decoder in a 

receiver, is detemnined. R is set to be greater than Rmin. 

[0029] In real system implementation, Rmax and Rmin are preset. In some sense, Rmax is the code rate of the sub- 
codes to be generated and Rmin is a target code rate after code combining of the sub-codes. In general, Rmin is the 
^ code rate of an encoder in the transmitter. 

[0030] -Instep 403,-the-number of sub-codes (S) is calculated by the following equation using Rmax and Rmin. Here, 
the number of the sub-codes or the number of puncturing riiatrixes Is a minimum Integer exceeding the ratio of Rmax 
to Rmin. - 

S^'-R^R^l (2) 
Where ^ *1 represents a minimum integer equal to or larger than *. 

[0031] A variable m is set to an initial value of 1 in step 405 and C (= mx k) is determined in step 407. C is the 
^ number of the columns of each puncturing matrix, detemnined by Rmax. For example, for Rmax = 3/4, C can be 3, 6, 
9, ... and Is set to a minimum available value for the first sub-code to be transmitted. Here, C Is set to 3 for Rmax=3/4. 
. [0032] In step 407, the number of symbols to be selected from the puncturing matrix .Ns, is calculated by multiplying 
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the variable m by the code length I.e., the number of code symbols n from Rmax=k/n, Ns is the number of selected 
symbols or the number of selected positions In each puncturing matrix and calculated by C/Rmax. 
[0033] In step 409, (Ns-C) Is compared with the number of the component encoders of the turtjo encoder In the 
transmitter. The present turbo encoder is generally provided with tv/o component encoders. Thus, it is supposed that. 
5 two component encoders are used. It is detemnlned whether (Ns-C) is 2 or greater in step 409 because the turbo 
encoder has two component encoders connected In parallel with the Interieaver interposed as shown in FIG. 2 unlike 
conventional encoders using other single codes. In other words, at least one parity symbol from each component 
encoder must be transmitted after the information symbols are all transmitted In order to preserve the characteristics 
Inherent in the turbo encoder. 

10 10034] If (Ns-C) Is less than 2, only one symbol Is selected from either the first parity symbol set or the second parity 
symbol set. From the perspective of turbo codes, either case may face problems. In the first case, sub-codes generated 
without second parity symbols are not turi^o codes but convolutional codes with constraint length K=4 from an encoder 
having only the first component encoder end offers no interieaver gain that is available in the turtjo encoder. On the 
other hand, In the second case , transmission of only systematic symbols without parity symbols from the first compo- 

15 . nent encoder results in sub-codes with a code rate of 1 . This is equivalent to an uncoded system without any coding 
gain. Accordingly,. (Ns^C) must be equal to or greater than 2 to provide turiio encoder performance. 
• [0035] If (Ns-C) Is equal to or greater thah 2 in step 409. C systematic infomiation symbols are selected from the 
puncturing matrix in step 411 and the other symbols are selected according to a predetemnlned type . For type 1 , the 
other symbols are selected from the first and second parity symbols by Eq. (3) in step 413. The number of selected 

20 first parity symbols Is equal to or greater than that of selected second parity symbols. For example, if the number of 
the other symbols , (Ns-C), Is 3, first and second parity symbols are selected by Eq. (3) and then one more symbol Is 
selected from the first parity symbols. 



25 



30 



40 



45 



[iNs^C)/2] ENC\{parity) 
L(i«s-C)/2j ENC2(j>arity) 

(3) 



v/here l *J represents a maximum integer equal to or less than *. 

[0036] For type 2, the other symbols are selected from the first and second parity symbols by Eq. (4) in step 415. If 
a and b are given as symbol distribution rates for the first parity symbols and the second parity symbols, respectively, 
35 as many symbols as a minimum integer equal to or larger than the ratio of a(Ns-C) to (a+b) are selected from the first 
parity symbols and as many symbols as a maximum Integer equal to or less than the ratio of b(N6-C) to (a+b) are 
• selected from the second parity symbols. 



ra(^5-C)/(fl + A)l ENClipcxrily) 
IbiNs-Q/ia-^b)} ENC2{parity) 

(4) 



where a-i-b =1 and a and b Indicate the symbol distribution ratios for ENC1 and ENC2. respectively. 

[0037] If the condition given In step 409 Is not satisfied, that is, (Ns-C) is less than 2, the variable m is Incremented 

by 1 in step 417 and the procedure returns to step 407. The purpose of step 409 is to determine whether sub-codes 
50 capable of preserving the nature of turbo codes can be generated within the present puncturing range (the size of the 

puncturing matrix). If the nature of the turbo codes cannot be preserved, the puncturing range is enlarged In step 41 7. 

[0038] As described above, the initial puncturing matrix is so constructed that all information symbols are selected 

and at least one symbol is selected from each of the first and second parity symbol sets in the turtao encoder. 

[0039] Now there will be given a description of a middle puncturing matrix generation method referring to FIG. 5. By 
.53 repeating the procedure of FIG. 5, puncturing matrices C^ to Cs.2 are generated. 

[0040] Referring to FIG. 5, step 501 or 503 is perfomied according to a predetemnlned type. For type 1 , Ns symbols 
_ are selected from the first and second parity symbol sets by Eq. (5) in step 501 . Ns is the product of m and n given 

from Rmax (=k/n). The number of selected first parity symbols Is equal to or greater than that of selected second parity 
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symbols. Here, unselected symbols from the previous puncturing matrices are selected. 

{Ns/2\ ENCl(j>arity) 
[Ns/2j ENC2{parHy) 

(5) 

10 

[0041] For type 2, Ns symbols are selected from the first and second parity symbol sets according to predetemiined 
ratios by Eq. (6) in step 503. If a and b are given as symbol distribution ratios for the first parity symbols and the second 
parity symbols, respectively, as many symbols as a minimum integer equal to or greater than the ratio of a(Ns) to (a+b) 
are selected from the first parity symbols and as many symbols as a maximum integer equal to or less than the ratio 
15 of b(Ns) to (a4b) are selected from the second parity symbols. Here, unselected symbols from the previous puncturing 
matrices are selected. - - • ■ ' • - . 



^ [aiNs)/ia + b)] ENCl(parity) _ 

lb{Ns)/{a-^b)] ENCl{panty) 

.....(6) 

25 

[0042] A last puncturing matrix 0^.^ generating method will be described below referring to FIG. 6. 
[0043] Referring to FIG. 6, the remaining unselected symbols from the previous puncturing matrices are all selected 
In step 601 . The number of the selected symbols is defined as Ns2, In step 603, a new Ns is defined by (Ns-Ns2). 
Since symbols at all positions are selected from the puncturing matrices in the process of the operations shown in 
so FIGs. 4, 5 and 6, the new Ns is the number of symbols to be repeatedly selected. In step 605. it is detemnined whether 
the new Ns Is greater than 0. If the new Ns is 0, the procedure ends. If it is greater than 0. as many symbols as the 
new Ns are selected repeatedly from the Infomiation symbols. In other words, the selected symbols are transmitted 
repeatedly. 

[0044] The above-described sub-code generation method according to the present invention will be made clear 
35 below with specific numerical citations. 

[0045] For Rmax=3/4 and R=1/5, Rmin=1/6 and S=6/(4y3)=4.6->5. Thus, five puncturing matrices are produced. 
{Cq. C^, Cg, C3, C4): Rmax=3/4. 
- ■ [0046] Since the code rate of sub-codes is 3/4 and the number of sub-codes is 5, the sub-codes have a code rate 
3/20 ((1/S)x Rmaxi(1/5)x (3/4)=3/20) after code combining. This implies that for 3 infonriation bits, a receiv^^ 
40 20 code symbols. However, since 1 5 symbols are generated from Sxn=5x 4=20 and Sxk=5x3=l5, 5 symbols among 
the 15 symbols are repeatedly transmitted. The repeated symbols are preferably information symbols, in the above 
example, if an information symbol X is repeated once in each sub-code, a decoder receives turbo codes with R=1/5 
in which information symbols occur twice for each of S sub-codes when S sub-codes are all received. 
[0047] The resulting sub-codes from the procedures shown in FIGs. 4, 5 and 6 are a kind of complementary codes, 
45 but they are not in a strict sense of the term because repeated symbols exist and each sub-code exhibits a different 
- characteristfc. in view of the sub-codes being produced from turtK) codes, they will be called quasi-complementary 
turbo codes (QCTCs). A hybrid ARQ system using QCTCs employs the following retransmission scheme 
[0046] The hybrid ARQ system is the major example using packet code combining. Packet code combining is avail- 
able to the present hybrid ARQ systems, HARQ type I. Type II, and Type 111. In these systems, a retransmission tech- 
no nlque can be implemented using QCTCs. If a transport unit (TU) is defined as an infonnation bit block being a basic 
unit for packet transmission, one sub-code C; is selected for each TU transmission in the hybrid systems. 
[0049] A retransmission unit and an initial transmission TU can be the same or different in size. For an initial trans- 
mission and each retransmission, the following QCTC set is used. 

[0050] From a QCTC C^ having a code set size S, a mother code C can be reconstructed, or a new code Cq with a 
55 lower code rate than the mother code rate Rm can be generated by combining (or code-combining) sub-codes C| (I = 
0. 1 , 2, ....S-1). Here, the mother code has a minimum code rate available in the encoder. Then, the QCTC is defined as 
[0051] Original code C with code rate R=Rm or code C with code rate R<Rm 
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is3 



where S is the number of sub-codes with a code rate of Ri and Rm is the mother code rate. 
[0052] The operation of a system transmitting TUs of the same size for an initial transmission and each retransmission 
10 using a QCTC will be described. Needless to say, the transmission scheme using different TUs can also be supported 
in the present invention. Here, the number of sub-codes S is 4 and the mother code rate R is 1/5. 

{Step 1) Transmission is performed on a TU basis and a sub-code Cj of the QCTC is transmitted at the initial 
transmission and each retransmission. 
15 . ^ . ... . . . . , 

(Step 2) When the overall code rate of codes produced by soft combining of the initially transmitted and retrans- 
■ ' ^ mitted packets is greater than 1/5. each sub-code q of the QCTC is transmitted in the order otCo. C^ . Cg,*.... Cg.^ 

at each retransmission request. This is packet code combining. 

20 ^ (Step 3) When the overall code rate of codes produced by soft combining of the initially transmitted and retrans- 
mitted packets Is less than or equal to 1/5, each sub-code C, of the QCTC is repeatedly transmitted in the order 
of Cq, C^, Cg Cg.^ at each retransmission request This is packet diversity combining. 

(Step 4) The QCTC set size can be an arbitrary value, detemiined by.the mother code rate. For R=1/5 and a sub- 
25 code code rate of 2/3 for retransmission, up to four sub-codes can be used. 

[0053] Table 3 below lists QCTC sets for forward traffic channel packet data rates that are expected to be available 
in the present IS-2000 1XEVDV system. Here, a mother code rate R=1/5 and a sub-code code rate R=2/3, 1/3, or 1/6. 



30 (Table 3) 





Set size S 


Code set 


Sub-code rate set 


Data rates 




1 


{Col 


Co: Ro=1/6 


307.2kbps 


35 








153.6kbps 








76.8kbps 

38.4kbps 
19.2kbps 


40 


2 


{Co. Ci} 


Co: Ro=1/3 
C^: Ri=1/3 


1228.8kbps 
921.6kbps 
614.4kbps 


45 ' 








307.2kbps 


4 ^ 


: {Cqi C^, C2,.C3}, 


, .,.Co:.Ro=2i? 
- X^: Ri=2/3' 
Cg: R2=2/3 


2457.6kbps 
M 843.2kbps 
1228.8kbps 


SO 






C3: R3=2/3 





[0054] As shown in Table 3, for a sub-code code rate of 1/6 less than the mother code rate 1/5, the same code Cq 
is used at each transmission. For a sub-code code rate of 1/3, greater than the mother code rate 1/5, different code 
Cq and C^ are used at each transmission. In this case, the code set size S is 2. For a sub-code code rate of 2/3, greater 
^ than the mother code rate 1/5, different code Cq. C^, Cg, Cj are used at each transmission. The code set size S is 4. - 
When S sub-codes are all transmitted, the receiver can recover the mother code rate R and obtain the maximum coding 
gain offered by the encoder. . 
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[0055] Table 4 below illustrates examples of puncturing matrices for each sub-code code rate. 



(Table 4) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Code 
rates 



R=l/6 



R=l/3 



R=2/3 



R=2/3 



Co 



X 




2 


YO 




1 


Y\ 




1 


Y'O 




1 


n 




1 



1 

0 

0 
0 
0 



1 

0 

0 

1 

0 



c, 



NA 



0 

1 

0 
0 



0 0 

1 1 

0 0 

1 0 
0 0 



NA 



NA 



1 
0 
0 
0 
1 



0 0 

0 0 

1 0 

0 0 

1 1 



NA 



NA 



0. 

0: 
1 
0. 
o: 



1 I 

0 0 

0 1 

0 0 

0 0 



[0056] As shown in Table 4, when a rate 1/5 turbo code is used as a motlier code and a rate 2/3 sub-code is generated 
with code symbols output for 4 information bits, 20 code symbols are generated from the 4 infomiation bits. The rate 
2/3 sub-code Is generated by puncturing 14 symbols among the 20 symbols. For packet diversity combining of such 
sub-codes, Co produced from the above puncturing matricesjs repeatedly transmitted at each retransmission request. 
On the other hand, for pacltet code (ximbiriing, a different code symbol is transmitted at each retransmission request. 
After transmttting all sub-codes Cq, C,, Cg, C3 In the set, the packet diversity combining is executed. For HARO Type 
III using packet code combining, full code symbols of the mother code are decoded after four transmissions occur. 
[0057] Meanwhile, "1 °s in the puncturing matrices of Table 4 indicate that the symbols at the positions are selected 
or transmitted and '0°s indicate that the symbols at the positions are punctured. A "2" indicates that the symbol at the 
position occurs twice. The puncturing (and repetition) matrices are designed to satisfy the following conditions. 

(Ckjndltlon 1 ) An infomiation symbol X is repeated in a sub-coda of a QCTC when repetition is used. 

(Condition 2) If the Information symbol X is repeated in a sub-code of the QCTC using repetition, the repeating 
period is set to be a minimal constant in the QCTC having all sub-codes in combination. 



(Condition 3) if puncturing is used, redundancy symbols except the infomnation symbol X are punctured if possible 



9 



EP1 199 835 A2 



in the sub-codes of the QCTC. 

(Condition 4) If puncturing Is used, redundancy symbols except the Infonnatlon symbol X are unlfonnly punctured 
If possible in the sub-codes of the QCTC. 

5 

[0058] A puncturing and repetition matrix with R=1/6 satisfying the above conditions will be described. Decoding is 
carried out after the symbols X that occur twice are soft-combined and so the real code rate for the decoder is 1/5. The 
rate 1/5 code, having the energy of the infomriation symbol X increased, has an improved perfomiance, as compared 
to a rate 1/5 code having a uniform symbol energy across the symbols. In other v/ords, the most appropriate symbol 
10 to be repeated Is an Information symbol. It can be said that the puncturing and repetition matrices shown In Table 4 
are constructed in such a way that infomiation symbol energy is increased through uniform repetition of the information 
symbols. 

[0059] In Table 4, for R=1/6, the sequence of transmission code symbols is given as 
Cq: X, X. YO. Y1 , ro, Vl . X. X. YO, Y1 , ro, Y'1 . ... 
15 [0060] Because six code symbols are generated for the input of one infomnation symbol, the code rate of the sub- 
code is 1/6. ..- 

[0061] For R=:1/3, the sequences of transmission code symbols are given as "* - 
Co: X. YO. ro. X. YO. VO. X. YO. VO. X. YO, Y'O, ... 

20 . c^ix. Yi.n.x. Yi,ri,x, Y1, n.x, Y1, Y'i.... 

[0062] Because three code symbols are generated for the input of one information symbol, the code rate of the sub- 
code is 1/3. A different code is transmitted at each transmission due to the use of a different puncturing matrix. After 
soft combining of Cq and C^, X occurs twice and each of YO, Y1 , Y'O and Y'1 occurs once. Thus, the decoder with a 
25 code rate 1/5 can be used In this case and the puncturing matrices satisfy the above-described conditions, ensuring 
perfomiance. 

[0063] In the first case with R=2/3 of Table 4. the sequence of transmission code symbols are given as 

Cq: YO, X, rO, YO, X, YO, YO, X. YO, YO, X, YO, ... 

30 C^: X. Y'O. YO. X. Y'O. YO, X, Y'O, YO. X. Y'O, YO. ... 

CarYI.X.ri.YI.X.n. Yl.X.ri. YI.X.Y'l.... c. 
C3: X. Y'l . Y1 , X. Y'1 . Y1 . X. ri , Y1 . X. Y'1 . Y1 . ... 

[00S4] Because three code symbols are generated for the Input of two inf omnation symbols, the code rate of the sub- 
35 code is 2/3. A different code is transmitted at each transmission due to the use of a different puncturing matrix. After 
soft combining of Cq, C^ , Cg, C3. X occurs twice and each of YO, Y1 . YO and Y' 1 occure once. Thus, the decoder with 
a code rate 1/5 can be used also in this case as for R=1/6 and the puncturing matrices satisfy the above-described 
conditions, ensuring perfonnance. 

[0065] In the second case with R=2/3 of Table 4, the sequence of transmission code symbols are given as 

40 

Cq: X, YO. X. X, Y'O. X, X. YO, X. X. Y'O. X. X. YO, X. X, Y'O, X, ... 
C^: ro, YO, Y'O, YO, YO. Y'O, Y'O, YO, Y'O. YO, YO, Y'O, ... 
Cg: Y1, Y1,ri,ri, Y1, Y'1, Y1, Yl.n, Y'1, Y1,ri.... 

C3: X, ri , X. X, ri . X. x, r 1 . x, x, r 1 , x, ... 

45 ^ . . - ... ......... 

[0066] - Because six code symbols are generated for the input of fdur information symbols, the code rate of the sub- 
code is 2/3. A different code is transmitted at each transmission due to the use of a different puncturing matrix. After 
soft combining of Cq. C^ , Cg, C3, X occurs twice and each of YO. Y1 , Y'O and Y'1 occurs once. Thus, the decoder with 
a code rate 1/5 can be used also in this case as for R=1/6 and the puncturing matrices satisfy the above-described 

50 conditions, ensuring performance. 

[0067] FIG. 3 is a graph showing a comparison between the performance of HARQ using packet code combining 
and the perfomiance of HARQ using packet diversity combining in temns of data throughput for a QCTC with R=2/3 
and S=4 according to the present invention. As shown in FIG. 3, an HARQ 301 using packet code combining for the 
QCTC and an HARQ 302 using packet diversity combining for the QCTC show better performance than an HARQ 303 

55 Without the QCTC. For the same real time data throughput (e. g., 0.25), about -4dB of Es/No Is required In the HARQ 
301 , about -1 .3dB in the HARQ 302, and about 1 dB in the HARQ 303. Consequently, the use of the QCTC according 
to the present invention ensures a higher data throughput with less symbol energy. 

[0068] As described above, sub-codes generated for optimum packet code combining according to a predetermined 
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rule remarkably improves transmission throughput in a packet retransmission system using turbo codes according to 
the present invention. 



5 Claims 

1. A method of generating an Initial puncturing matrix from which a first sub-code is produced in a communication 
system having a turbo encoder for generating information symbols, first parity symbols, and second parity symbols 
for the input of an infomnation bit stream and a sub-code generator for generating sub-codes from the Infomiation 
10 symbols, the first parity symbols, and the second parity symbols using puncturing matrices , a number of the sub- 
codes being identical to a number of the puncturing matrfces, comprising the steps of: 

selecting as many information symbols as a number of columns in the initial puncturing matrix from the infor- 
mation symbols output from the tuibo encoder, if a difference between a number Ns of selected symbols in 
15 the initial puncturing matrix and the number of the columns in the initial puncturing matrix is equal to or greater 

'J than a number of component encoders in the turbo encoder; and 

- - selecting as many first and second parity symbols as the difference, a number of the selected'first parity 
symbols being equal to or greater than a number of the selected second parity symbols. 

20 2. The method of claim 1 . further comprising the step of increasing the number of the columns in the puncturing matrix 
by an integer multiple if the difference is less than the number of the component encoders. 

3. The method of claim 1 or 2. further comprising the step of selecting the Ns symbols from unselected first and 
second parity symbols in the initial puncturing matrix in generating a second puncturing matrix, wherein.the number 

25 of the selected first parity symbols is equal to or greater than the number of the selected secofid parity symbols. 

4. The method of claim 3, furthercomprising the step of selecting remaining unselected first and second parity symbols 
In the other puncturing matrices except for a last puncturing matrix and repeating (Ns-Ns2) infomiation symbols, 
Ns2 being a number of the other unselected parity symbols in the other puncturing matrices. 

30 - 

5. The nnethod of one of the claims 1 to 4, wherein the communication system uses the sub-code to hybrid ARQ 
(Automata Repeat Request). 

6. The method of one of the claims 1 to 5, wherein the number IMs of selected symbols is determined by C/Rmax, C 
35 being the number of the columns and Rmax being a code rate of the sub-code. 

7. A method of generating a first sub-code to be transmitted by selecting a predetermined number of symbols from 
infomnation symbols and first and second parity symbols within a predetermined puncturing range In a communi- 
cation system having a turbo encoder for generating Infonnation symbols, first parity symbols, and second parity 

40 symbols for the Input of an infonnation bit stream, the predetemnlned number of symbols being Ns symbols, com- 
prising the steps of : . 

selecting all the infonnation symbols within the puncturing range, If a difference between Ns and a number of 
the information symbols is equal to or greater than a number of component encoders in the turbo encoder; and 
45 • selecting as many first and second parity symbols as the difference, a number of the selected first parity 
. . symbols being equal to orgreaterthan a number of the selected second.parity symbols. 

8. The method of claim 7, further comprising the step of increasing the puncturing range by an integer multiple if the 
difference is less than the number of the component encoders. 

50 

9. The method of claim 7 or 8, further comprising the step of selecting the Ns symbols from unselected first and 
second parity symbols in the first sub-code in generating a second sub-code, wherein the number of the selected 
first parity symbols is equal to or greater than the number of the selected second parity symbols. 

55 10. Themethodofclalm9,furthercompr|slngthestepofselectlngremainingunselectedflrstandsecondparitysymbols 
in the other sub-codes except for a last sub-code and repeating (Ns-Ns2) information symbols, Ns2 being a number 
. of the other unselected parity symbols in generating the last sub-code. 
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11. The method of one of the claims 7 to 10, wherein the communication system uses the sub-codes to hybrid ARQ 
(Automatic Repeat Request). 

12. The method of one of the claims 7 to 11 , wherein the number Ns of selected symbols Is detenmlned by C/Rmax, 
C being a number of columns in a puncturing matrix and Rmax being a code rate of the sub-code. 

13. A method of generating puncturing matrices by which information symbols and first and second parity symbols 
are punctured in a communication system having a turbo encoder for generating infomnation symbols, first parity 
symbols, and second parity symbols for the input of an Information bit stream, and a sub-code generator for gen- 
erating sub-codes from the Information symbols, the first parity symbols, and the second parity symbols by punc- 
turing, comprising the steps of: 

determining a number S of the puncturing matrices by calculating a minimum integer equal to or greater than 
a ratio of Rmax to Rmin, Bmax being a given maximum code rate and Rmin being a given minimum code rate 
for the turbo encoder; 

detennining a number Ns=C/Rmax of symbols to be selected from each puncturing matrix, C being a number 
of columns of the puncturing matrix: and ^ - v. . : .* 

generating a first puncturing matrix for which C information symbols are selected, as many first parity symbols 
as a minimum integer equal to or greater than a ratio of a(Ns-C) to (a-hb) are selected, and as many second 
parity symbols as a maximum integer equal to or less than a ratio of b(Ns-C) to (a+b) are selected, if a difference 
between Ns and C, (Ns-C), is equal to or greaterthan a number of component encoders in the turbo encoder, 
a and b being symbol distribution ratios for the first and second parity symbols. 

14. The method of claim 13. further comprising the step of increasing the number of the columns in the puncturing 
matrix by an Integer multiple if the difference Is less than the number of the component encoders. 

15. The method of claim 13 or 14, further comprising the step of generating middle puncturing matrices except for the 
first and a last puncturing matrices by selecting as many first parity symbols as a minimum integer equal to or 
greater tlian a ratio of aNs to (a+b) and as many second parity symbols as a maximum integer equal to or less 
than a ratio of bNs to (a+b) without selecting any infomnation symbols, so that the first and second parity symbols 
differ in the first and other puncturing matrices. 

16. The method of claim 15, further comprising the step of generating the last puncturing matrix by selecting remaining 
unselected first and second parity symbols in the other puncturing matrices except for the last puncturing matrix 
and repeating (Ns-Ns2) information symbols, Ns2 being a-number of the other unselected parity symbols in the 
other puncturing matrices. 

17. The method of one of the claims-13 to 1 6, wherein the communication system uses the sub-codes to hybrid ARQ 
(Automatic Repeat Request). * 

16. An apparatus for generating a sub-code In a communication system, comprising: 

a turbo encoder for encoding an input information bit stream with a given code rate and generating infomriatlon 
symbols, first parity symbols, and second parity symbols; and 

a sub-code generator for generating a first sub-code to be transmitted by selecting all information symbols 
within a predetemilned puncturing range and selecting as many first and second parity symbols as a difference 
' between a predetemilned number Ns of symbols to be selected and a number of the Information symbols 
within the predetemiined puncturing range, a number of the selected first parity symbols being equal to or 
greater than a number of the selected second parity symbols, if the difference is equal to or greater than a 
number of component encoders in the turbo encoder. 

19. The apparatus of claim 1 8, wherein the sub-code generator generates a second sub-code by selecting Ns symbols 
from the first and second parity symbols without selecting information symbols, the number of the selected first 
parity symbols being equal to or greater than the number of the selected second parity symbols. 

20. The apparatus of claim 1 9, wherein the sub-code generator generates a last sub-code by selecting remaining 
unselected first end second parity symbols in the other sub-codes except for the last sub-code and repeating 
(N8-Ns2) infomnation symbols, Ns2 being a number of the other unselected parity symbols in the other sub-codes. 
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21 . The apparatus of one of the claims 1 8 to 20, wherein the sub-code generator generates the sub-codes by increasing 
the puncturing range by an integer multiple if the difference is less than the number of the component encoders. 
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